Background: In this study, we determined the efficiency of anterior cruciate ligament (ACL) reconstruction using the double-bundle technique and addressed technique-specific problems. Patients and Methods: Twenty-nine patients who underwent ACL reconstruction due to ACL rupture with the arthroscopic double-bundle ENDOBUTTON CL method using autogenous hamstring tendons were evaluated. All patients were males and the mean age was 24.3 years (range 20 -41 years). The mean follow-up period was 36.4 months (minimum 16 and maximum 53 months). Diagnosis was based on medical history and physical examination. Lachman, anterior drawer and pivot shift tests were performed. The patient diagnosis was verified with X-ray roentgenogram and magnetic resonance imaging (MRI). Tunnel mergence and graft hanging problems were discussed. Results: Pre-and postoperative clinical assessments of the patients showed the mean Lysholm score increased from 60.2 (48 -72) preoperatively to 91.5 (85 -98) at the final visit, whereas the mean Tegner score increased from 5.58 (3 -9) preoperatively to 6.03 (4 -9) at the final visit. According to the International Knee Documentation Committee (IKDC) knee ligament standard evaluation system, five patients were classified as B (17%); 11 patients were classified as C (38%); and 13 patients were classified as D (45%) before the surgery. At the postoperative evaluation, 17 (59%) patients were classified as A; 11 (38%) patients were classified as B; and 1 (3%) patient was classified as C. Conclusion: The double-bundle technique using hamstring tendons and femoral * Corresponding author.
Introduction
The anterior cruciate ligament (ACL) is one of the most commonly injured ligaments in the knee [1] . ACL tears often lead to severe disabilities causing lifestyle changes [2] - [4] . In 1975, Girgis et al. reported for the first time that the ACL comprises two bundles [5] , which are named for their relative anatomical insertion into the tibia [6] . Cadaveric studies have also revealed that the ACL comprises two bundles, anteriomedial (AM) and posterolateral (PL) [7] . The distinction between the two bundles is not based solely on anatomy. The AM and PL bundles have a synergistic but different function throughout the entire range of motion (ROM) of the knee [8] . In a fully extended knee, both the AM and PL are taut, with PL at its maximum. PL limits tibial rotation on the femur up to 60˚ -90˚ of knee flexion, after which PL loosens [9] .
Since ACLs do not have appropriate healing potential, reconstructive surgery is suggested to prevent early degenerative changes, decrease the risk of reinjury and facilitate return to sporting activities [8] .
Recent studies have focused on anatomical reconstruction of ACL ruptures and suggested more favorable clinical outcomes using the double-bundle technique. A bundle-specific ACL reconstruction can always be performed whether it is a single-bundle, double-bundle or augmentation procedure [10] . Although much of the evidence supports the use of the double-bundle technique [11] , several trials have not found significant differences in clinical outcomes between the patient groups [6] . Although the double-bundle is similar to the single-bundle technique, several specific difficulties are associated with this method. In this study, we demonstrated the efficacy of the double-bundle technique together with anatomical ACL reconstruction, evaluated the clinical outcomes, and outlined the technical difficulties related to the double-bundle procedure and their management.
Materials and Methods
Twenty-nine patients diagnosed with an ACL rupture between January 2011 and June 2013 who underwent arthroscopic double-bundle ACL reconstruction with the Endobutton Cl using autogenous hamstring tendons were evaluated. The local Ethics Committee approved this study and all patients gave written informed consent. All patients were male. The mean age was 24.3 years (range 20 -41 years). Mean knee flexion degree was 132, 4 (120 -135) preoperatively. The right knee was affected in 18 (62%) patients and the left knee in 11 (38%) patients. The mean follow-up period was 36.4 months (minimum 16 and maximum 53 months; Table 1) .
Diagnosis was based on medical history and physical examination. Lachman, anterior drawer, and pivot shift tests were performed. For each patient, diagnosis was verified with X-ray roentgenogram and magnetic resonance imaging (MRI). Functionality was assessed using the Lysholm scoring system, International Knee Documentation Committee (IKDC) knee ligament standard evaluation system, and Tegner activity score before the surgery and at the final visit. To confirm ACL tears, all patients underwent arthroscopic evaluation under general or regional anesthesia in the supine position under pneumatic tourniquet before the surgery. Accompanying pathologies were identified and appropriate treatments were performed.
A 4 cm longitudinal incision was made above the pes anserinus medial to the tuberositas tibia to reach the tendons of the gracilis and semitendinous muscles. Tendons were exposed using a tendon scraper (peeler) and attached muscle tissue was removed. The graft diameter was also determined. Soft tissue ACL residues on both the tibial and femoral sides were identified and labelled by an RF probe for anatomical ACL reconstruction. In chronic cases, soft tissue residues were not found, particularly on the femoral side. Therefore, we used the "resident ridge", the vertical bony tubercle located 4 -8 mm in front of the lateral femoral cortex as a guide. Next, soft tissue located in the region that forms the upper border of the ACL insertion point was trimmed to obtain an adequate view.
The AM femoral tunnel was opened by anteromedial portal insertion at 100˚ -110˚ of knee flexion. The PL femoral tunnel was then opened in the area of the torn PL bundle footprint through an accessory anteromedial portal without guidance at 130˚ of knee flexion. The knee was simultaneously maintained in a hyperflexed position to prevent peroneal nerve injury. To prevent tunnel mergence, a 2 mm bony bridge was maintained between the tunnels and axes of both divergent tunnels (Figure 1) . Soft tissues in the notch and tibial footprint were re- moved to obtain a good view. To prevent mergence of femoral and tibial tunnels, various guiding devices provided by the Acufex Anatomic ACL Guide System (Memphis, TN, USA) and Knee Ligament Reconstruction Instruments (Arthrex, Inc., Naples, FL, USA) were used in some patients. A tibial anteromedial skin incision was used when grafts were taken prior to tibial tunnel drilling. First, the tibial aimer was adjusted to 55˚ and its tip was placed onto the anteromedial insertion point. A guidewire was deployed and the AM tibial tunnel was opened; the guidewire was left at this point. Next, the tibial aimer was adjusted to 45˚ and its tip was placed onto the PL insertion point posterolaterally to the AM bundle. A guidewire was deployed and the PL tibial tunnel was opened. To prevent tunnel mergence, an 8 mm distance (a bony bridge) was maintained between the orifices of the two tunnels (Figure 2) . The starting point of the PL tunnel was in the general vicinity of the tibial insertion point of the superficial medial collateral fibers above the tibia cortex, whereas the starting point of the anteromedial tunnel was between the PL tunnel and tibial tubercle. The PL graft was placed first, followed by the AM graft. Fixation of the PL and AM grafts was achieved by an absorbable screw and an U nail at knee flexions of 0˚ -15˚ and 45˚ -60˚, respectively. Placement and tension of the grafts were controlled by arthroscopic imaging after fixation. In addition to the ACL rupture, seven patients had meniscal pathologies, which were treated during surgery. Three patients underwent arthroscopic partial menisectomy and in the other four cases, meniscus was repaired arthroscopically by vertical sutures using an inside-to-outside technique. On preoperative examination, the Endobutton attached to the PL tip moved up and remained in the muscle in two patients. The Endobutton was found from a 2 cm lateral incision and pushed down to the bone. The same condition was found postoperatively in two other patients who were then taken to the operating room. In one patient, PL fixation was removed and refixation was performed; in the other patient, the Endobutton was pushed down and the excess polyester fixation band was sutured using nonabsorbable material.
We encountered several problems related to the double-bundle technique including settling of the Endobutton through the muscle at lateral side, tunnel convergence and thin PL bundle.
We instructed patients to use angle-adjustable hinged knee braces for 3 weeks after surgery. Isometric quadricep exercises were started immediately following surgery. If a patient did not undergo meniscal repair or in-tervention to chondral lesions during reconstruction, permission was given for full weight bearing under control. Jogging was allowed at the end of months 3 and non-competitive sports after 6 months. After 9 months, patients were allowed to participate in any exercise of their choice.
The Statistical Package for the Social Sciences (SPSS) for Windows version 15.0 software was used for statistical analyses. In addition to descriptive statistics, (means and standard deviations), paired sample t-test and Wilcoxon matched-pairs signed-ranks test were used for qualitative data. Statistical significance was defined as a p-value <0.05 with a 95% confidence interval (95% CI).
Results
Pre-and postoperative clinical assessments showed that the mean Lysholm score increased from 60.2 (48 -72) preoperatively to 91.5 (85 -98) at the final visit. The difference in Lysholm activity scores was statistically significant (p < 0.0001). The distribution of the Lysholm score is shown in Figure 3 and Table 3 . Pre-and postoperative clinical evaluations showed that the mean Tegner score increased from 5.58 (3 -9) before surgery to 6.03 (4 -9) at the final visit. The difference in Tegner scores was statistically significant (p = 0.021). The distribution of Tegner scores is shown in Table 2 and Figure 4 . According to the IKDC knee ligament standard eval- uation system, 5 patients were classified as B (17%), 11 as C (38%) and 13 as D (45%) before the surgery. At the postoperative evaluation, 17 (59%) patients were classified as A, 11 (38%) as B and 1 (3%) as C. The difference in groups based on the IKDC knee ligament standard evaluation system was statistically significant (p < 0.0001). The group distribution based on the IKDC knee ligament standard evaluation system is shown in Table 3 .
Discussion
The indications for ACL surgery have been established [5] [6]. The indications for anatomical double-bundle ACL reconstruction are similar to those for traditional single-bundle reconstruction. The position of the femoral tunnel is an important parameter that may affect the outcome of the reconstruction surgery. This is important for both maintenance of proprioception (especially the tibial insertion point) and determining anatomical localization [12] [13] [20] [21]. Nagai et al. showed no significant distinction in sagittal and transverse planes between healthy and anatomically double-bundle ACL reconstructed knees in terms of TTDPM (sagittal and transverse plane threshold to detect passive motion) [14] . Traditional single-bundle reconstruction techniques most commonly result in a femoral high-AM tunnel position and extra-anatomical tunnel placements. In vitro studies demonstrated that nonanatomical single-bundle reconstructions could not be repaired with regard to normal anteroposterior or rotational instability. For ideal isometric graft placement, femoral tunnels should be 62% -70% posterior to the Blumensaat line or anteroposterior diameter of the femoral sagittal plane [15] . The anatomical double-bundle reconstruction provides more space for the posterior wall compared to the single-bundle technique, allowing graft placement in a horizontal plane. Although several studies have reported that the risk of femoral condyle fracture is higher in double-tunnel reconstruction [16] [17], using biomechanical and computerized models, Smolinski et al. showed that the risk of fracture increased comparably in both methods [18] . To prevent merging, the femoral and tibial tunnels should be opened divergent rather than on the same axis, and soft tissues in the tibial footprint and notch should be removed to obtain a clear view. In our patients, no pathology was observed at early-midterm follow-ups; however, long-term outcomes should be monitored.
Hamstring tendons are the most commonly used grafts in double-tunnel reconstruction and were used in our patients. Gracilis and semitendinosus tendons were used as a double layer in all patients. However, the gracilis tendon for the PL bundle may be very thin (~5 mm) in patients with autogenous grafting. Since the Endobutton drill is 4.5 mm in diameter, the graft may enter into the Endobutton tunnel if pulled with proximal force and the Endobutton could become stuck in the muscle like a kite. We used two approaches to prevent this condition in our patients, signing the femoral tunnel length and Endobutton somersault distance on the graft simultaneously while pulling slightly, or placing pliers at the level where the graft remained inside from the tibial tunnel orifice to the femoral tunnel roof. When the Endobutton was suspected to have formed a kite during the surgery, it was monitored via fluoroscopy. If the Endobutton was locked and stuck in the muscle, an incision was made in the skin proximally, the Endobutton sutures were tracked, the Endobutton was located within the muscle, released and pulled down. When this situation was observed after surgery, all implants were removed and replaced or the Endobutton was located proximally and slid onto the CL until the bone was strongly sutured from the long side using polyester sutures.
Anatomical and biomechanical studies on fetuses and cadavers verified that the ACL comprises two functional bundles with different dimensions and tension models. The results of these studies indicate the double-bundle technique regains better natural anatomy and knee kinematics compared to the single-bundle technique. Yasuda et al. reported in their cadaver study and case series that the use of hamstring tendons in double-bundle ACL reconstruction is effective for the surgical treatment of ACL injuries [19] . Kyung et al. reported that natural obliquity as well as almost normal knee kinematics is obtained after double-bundle reconstruction in the sagittal and coronal planes [20] . Yagi et al. showed in their cadaver study that better knee kinematic results are obtained with double-bundle reconstruction than with the single-bundle [21] . Yamazaki et al. demonstrated that only the tendon graft border is covered by collagen, as in the Sharpey fibers of the tunnel wall, in ACL reconstruction [22] . Delay et al. reported the central portion of the tendon graft remained necrotic 18 months after surgery in one patient [23] . Therefore, with regard to graft coverage and remodelling, we evaluate that double-bundle reconstruction would diminish necrotic central portion of tendon grafts and improve the coverage.
Muneta et al. compared the double-and single-bundle ACL reconstruction results of 68 patients in a prospective randomized study [24] . They demonstrated improved results with the double-bundle method using a pivot shift, Lachman test and KT-1000 device. Yasuda et al. reported that ACL reconstruction using the anatomical double-bundle technique in 57 patients was satisfactory and safe [25] . Patients treated with double-bundle ACL reconstruction had increased AP knee stability according to KT-2000 measurements when compared to the single-bundle group [25] . Li et al. reported in their meta-analysis that double-bundle reconstruction was more successful than single-bundle in terms of diminishing rotational laxity [26] . The meta-analysis by Desai et al. showed primary AP stability and knee kinematics were better restored in anatomical double-bundle reconstruction than single-bundle [27] . Longo et al. stated the measurement systems are insufficient to evaluate rotational stability [28] . We used a pivot shift test to evaluate rotational stability during the follow-up period; the result was not positive in any patient. However, achieving relaxation to perform the pivot shift test in a patient who is not under anesthesia is difficult. Therefore, we agree with Longo et al. [28] .
Zhu et al. reported better clinical outcomes with double-bundle ACL reconstruction than single-bundle [29] . The meta-analysis by Li et al. showed that double-bundle reconstruction diminishes graft insuffiency, is more successful than single-bundle in terms of knee joint stability and knee function, and recommended it as the primary treatment for ACL injuries [30] . Zaffagnini et al. reported that double-bundle reconstruction is better than single-bundle in terms of rotational control, functional scores and ROM [31] . Aglietti reported improved anterior stability and IKDC scores with the double-bundle technique [32] . In contrast, several studies have shown these techniques are similar. Adachi et al. conducted a randomized, prospective study in 108 patients and reported no significant difference between groups at the end of a 32-month follow-up period in terms of KT-2000 and joint position sense [33] . Suomalainen et al. reported after 5 years of follow-up, graft insufficiency and revision surgery occured less often with double-bundle reconstruction than single-bundle. In terms of knee stability and osteoarthritis, similar results are obtained with both techniques [34] . Ahlden et al. showed no significant differences between double-bundle and single-bundle reconstructions in the pivot shift test and objective as well as subjective conclusions after 2 years of follow-up [35] . Preliminary results may not show a difference in clinical outcomes, whereas long-term follow-up has demonstrated that the double-bundle technique prevents degeneration, indicating that long-term follow-up is necessary, which is one weakness of our study. Future studies should include a larger patient cohort with a longer follow-up period.
As reported in the literature, 30% -40% of patients experience knee symptoms after traditional single-bundle reconstruction and fail to return to their daily activities. Additionally, 90% experience arthritic changes as early as 7 years after ACL reconstruction. Anatomical and biomechanical studies on fetuses and cadavers verified that ACL is comprised of two functional bundles with different dimensions and tension models. The results of these studies indicate that the double-bundle technique regains better natural anatomy and knee kinematics compared to the single-bundle technique. Several biomechanical studies have demonstrated that double-bundle ACL reconstruction results in better knee kinematics than single-bundle. Short-term and middle-term stages I and II randomized clinical trials showed promising results for this technique. Objective parameters indicate that doublebundle ACL reconstruction results in increased stability [13] .
We suggest that surgery should be performed if young and active patients feel knee instability in their daily life and sporting activities. In patients with an ACL rupture, the goal is to achieve an activity level similar or close to that pre-trauma, otherwise the patient will likely have to adjust their activity level.
Conclusion
In conclusion, the double-bundle technique is a successful treatment method for ACL injury. Problems related to this technique can be minimized and this treatment method can be performed as a classical ACL reconstruction technique.
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